INTRODUCTION
www.e-arm.org lateral sclerosis can mimic HD [3, 4] . Because HD may be related to dynamic changes in the spinal cord during neck flexion, its diagnosis may be missed or delayed in case of absent or insufficient flexion during cervical magnetic resonance imaging (MRI).
We report two cases of HD that were initially confused with other diseases owing to a suboptimal position of the neck or absence of cervical flexion during MRI. Patients provided written informed consent.
CASE REPORTS Case 1
An 18-year-old male presented with a 5-year history of right-hand weakness with hand muscle atrophy. The weakness progressed for the first 2 years, especially in wrist and finger extension. Posterior interosseous nerve syndrome (PINS) was diagnosed at another hospital. He underwent exploratory surgery 3 years after symptom onset ; however, his weakness did not change. Three months before admission to our clinic, he visited another hospital for further evaluation. Because of a high suspicion for HD, routine cervical MRI in the neck-flexion position was performed but did not reveal cord atrophy or dynamic spinal cord compression ( Fig. 1A-1D ). Considering that cervical MRI showed a negative finding and the weakness manifested as multifocal patchy paresis in the median and ulnar nerve territories, upper-arm MRI was performed, revealing hyperintensity and swelling of the median and ulnar nerves ( Fig. 2 ). Thus, neuralgic amyotrophy was tentatively diagnosed at that hospital. He visited our clinic for a second opinion. On physical examination, wrist and finger flexion, thumb opposition, and finger extension were apparently weak, with 3/5 or www.e-arm.org 4/5 strength on the Medical Research Council (MRC) scale. There were no fasciculations or sensory deficits. Sensory nerve conduction study (NCS) results were normal (Table 1 ). Motor NCSs on the ulnar and radial nerves showed a marked amplitude decrement relative to the unaffected side (Table 1) . Needle electromyography revealed denervation potentials and polyphasic motor unit action potentials in C7-T1 innervated muscles (Table 1) . Considering the electrodiagnostic results, we suspected HD rather than PINS or neuralgic amyotrophy. Accordingly, we repeated contrast-enhanced cervical MRI with sufficient flexion, which showed dural sac detachment from the lamina and spinal cord compression by the engorged posterior epidural venous plexus ( Fig. 1E, 1F ).
Case 2
A 16-year-old male with a 3-month history of progressive right-wrist extensor weakness visited our hospital. Cervical MRI showed disc protrusion at C5-6 and C6-7. We suspected that these findings were related to symptoms ( Fig. 3A ). However, another hand surgeon clinically diagnosed the condition as PINS. At the first visit, an electrodiagnostic study revealed abnormal findings, including decreased amplitudes in the right radial nerve and denervation potentials in the right extensor digitorum communis and extensor indicis proprius, suggesting PINS rather than lower cervical radiculopathy ( Table 2 ). There were no abnormal findings of somatosensory-evoked potentials on both upper and lower limbs. However, his weakness progressed to intrinsic hand muscle involve- 
Amplitudes are measured in millivolt (mV, motor) and in microvolt (mV, sensory). CV, conduction velocity; APB, abductor pollicis brevis; ADM, abductor digiti minimi; EIP, extensor incidis propirus; EMG, electromyography; IA, insertional activity; Fib, fibrillation potential; PSW, positive sharp wave; Poly, polyphasic motor unit; FCR, flexor carpi radialis; FCU, flexor carpi ulnaris; EDC, extensor digitorum communis; FDI, first dorsal interosseous; N, normal.
www.e-arm.org ment over 3 weeks. Subtle atrophic changes of the righthand intrinsic muscles and forearm muscles were noted. Physical examination showed right-sided weakness of wrist flexion, finger flexion, and thumb opposition with MRC 4/5 strength. Signs of sensory deficit or root irritation were absent. Follow-up needle electromyography revealed denervation potentials in right ulnar territory muscles ( Table 2) . Considering the follow-up electrodiagnostic study results and clinical manifestations, we suspected HD rather than cervical radiculopathy or PINS. Cervical MRI was repeated with neck flexion. Dural sac detachment from the lamina was suspected (Fig. 3B ). Contrast-enhanced MRI in a fully flexed position showed an obvious anterior shift of the lower cervical cord and widening of the dorsal epidural space (Fig. 3C ).
DISCUSSION
We described cervical MRI findings with sufficient neck flexion in comparison with MRI in the neutral or insufficient-flexion position in 2 patients with HD. The neutral position or insufficient flexion during MRI resulted in misdiagnosis (as PINS, cervical radiculopathy, or neuralgic amyotrophy). In contrast, MRI with adequate flexion showed typical findings of HD (posterior dural detachment with an anterior shift causing focal cord compression and/or crescent-shaped enlarged posterior epidural space with engorged epidural veins).
It is often difficult to differentiate HD from other mimicking diseases, including lower cervical radiculopathy, distal spinal muscular atrophy, painless neuralgic amyotrophy, and multifocal motor neuropathy. With clinical manifestations or an electrodiagnostic study alone, delayed diagnosis or misdiagnosis may occur. Even patients with typical HD might show negative MRI findings (frequency, 24%-29%) [5, 6] . Our report suggests that additional full-flexion MRI is helpful when conventional neck-flexion MRI is negative.
Hirayama et al. [7] reported on 12 patients with juvenile muscular atrophy of the distal upper extremity in 1959. Hirayama et al. [3] reported cord flattening at C7 and C8. Cervical MRI in dynamic positions may be a key step in diagnosing HD. Hou et al. reported that anterior shifting of the posterior wall was significantly affected by the neck-flexion angle in patients with HD [8] . However, there is no consensus on the optimum condition of neck flexion during cervical MRI in diagnosing HD, and neckflexion MRI is not routinely performed in juvenile patients with distal upper-limb weakness in the absence of suspected HD or if neutral cervical MRI does not reveal cord atrophy. HD pathophysiology remains unclear. However, a developmental imbalance between the vertebral column and the spinal cord or dural canal during the pubertal growth spurt is known to be associated with HD. The dural canal becomes tight during neck flexion, causing an anterior shift of the posterior dural wall and spinal cord. This anterior shift leads to cervical cord compression, causing microcirculatory disturbances in the anterior horn of the lower cervical spinal cord [9] . Chronic circu- www.e-arm.org latory disturbances resulting from repeated or sustained neck flexion may cause degeneration of anterior horn cells, which are highly susceptible to ischemia [10] . Case 1 showed structural changes in peripheral nerves on 3-T upper-arm MRI. Swelling and signal changes in the median and ulnar nerves are interesting and unique clinical findings of lower cervical cord compression. Microscopically, neural reaction to injury occurs in the nerve portion distal to the lesion (referred to as Wallerian degeneration). Anterior horn cell degeneration due to dynamic compression or secondary ischemic damage may cause Wallerian degeneration, which might be visu- 
Amplitudes are measured in millivolt (mV, motor) and in microvolt (mV, sensory). CV, conduction velocity; APB, abductor pollicis brevis; ADM, abductor digiti minimi; EIP, extensor incidis propirus; EMG, electromyography; IA, insertional activity; Fib, fibrillation potential; PSW, positive sharp wave; Poly, polyphasic motor unit; FCR, flexor carpi radialis; ECR, extensor carpi radialis; FCU, flexor carpi ulnaris; EDC, extensor digitorum communis; EIP, extensor incidis propirus; APB, abductor pollicis brevis; ADM, abductor digiti minimi; FDI, first dorsal interosseous; N, normal.
www.e-arm.org alized in limb MRI. To our knowledge, the visualization of structural changes of peripheral nerves caused by dynamic spinal cord compression has not been reported.
In conclusion, cervical MRI in dynamic positions, including full-flexion MRI, is recommended in juvenile patients whose conventional cervical MRI revealed negative findings despite typical clinical manifestations and evidence of focal motor neuron disease in electrodiagnostic studies.
